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HEAD-MOUNTED DISPLAY DEVICE 

TECHNICAL FIELD 

0001. The present application claims priority from Japa 
nese Application No. 2010-208596, filed on Sep. 16, 2010 
and No. 2010-208520, filed on Sep. 16, 2010, the content of 
which is incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to a head-mounted 
display device. 

RELATED ART 

0003 Conventionally, various display devices have been 
proposed as a head-mounted display device to be mounted on 
a human head, which include a display element and an eye 
piece optical system so that an image displayed on the display 
element is magnified for observation as a virtual image 
through the eyepiece optical system. Such a head-mounted 
display device is to be wornby individuals, and hence desired 
to perform display suited to the respective visibility of the 
individuals. 
0004. In order to meet such desire, for example, there is 
known a display device which includes a moving mechanism 
for moving the display element in an optical axis direction 
and an operation portion of the moving mechanism provided 
outside the casing so as to move the display element via the 
moving mechanism through the operation of the operation 
portion (see, for example, JP H07-131740 A and JP H08 
140013 A). 
0005. There is also known another display device which 
includes a diopter adjustment knob and has the display ele 
ment configured to be movable in the optical axis direction 
with respect to the eyepiece lens through the rotation of the 
diopter adjustment knob, to thereby allow diopter adjust 
ments to be made (see, for example, JP 2004-29768 A). Fur 
ther, there is also known further another display device which 
is configured so that the mounting position of the display unit 
including the display element and the eyepiece optical system 
can be adjusted back and forth with respect to the head of the 
wearer, to thereby make adjustable the position of a virtual 
image (see, for example, JP H10-74051A). 

DISCLOSURE OF THE INVENTION 

0006. A head-mounted display device according to a first 
aspect of the present invention includes: 
a first casing which incorporates therein at least a display 
element, and has a light projection window for projecting 
image light from the display element; 
0007 a second casing which incorporates therein an eye 
piece optical system with a refractive power, and has a light 
receiving window for receiving the incident image light pro 
jected through the light projection window and an eyepiece 
window for emitting the image light that has passed through 
the eyepiece optical system; and 
0008 a coupling portion for coupling the second casing to 
the first casing so as to make adjustable a length of an optical 
path between the light projection window and the light receiv 
ing window. 
0009. According to a second aspect of the present inven 

tion, in the head-mounted display device according to the first 
aspect, 
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0010 the first casing is held, when in use, on the side of the 
head of a user so that the light projection window opens to the 
same side as the face of the user is directed; and 
0011 the second casing is arranged, when in use, so that 
the light receiving window and the eyepiece window open to 
the face side of the user. 
0012. According to a third aspect of the present invention, 
in the head-mounted display device according to the first 
aspect, 
0013 the first casing has a guide outside a side surface of 
the first casing; and 
0014 the coupling portion has a slide member which is 
provided to the second casing and to be guided along the 
guide so as to be slidably coupled to the first casing. 
0015. According to a fourth aspect of the present inven 
tion, in the head-mounted display device according to the 
third aspect, 
0016 the first casing and the second casing each have a 
light shielding member so as to shield external light entering 
the optical path between the light projection window and the 
light receiving window, across a slide range of the slide mem 
ber. 
0017. According to a fifth aspect of the present invention, 
in the head-mounted display device according to the fourth 
aspect, 
0018 the slide member also serves as the light shielding 
member of the second casing. 
0019. According to a sixth aspect of the present invention, 
in the head-mounted display device according to the third 
aspect, 
0020 the slide member is provided so as to enclose the 
optical path between the light projection window and the light 
receiving window. 
0021. According to a seventh aspect of the present inven 
tion, in the head-mounted display device according to the 
fourth aspect, 
0022 the slide member is detachably attached to the first 
casing. 
0023. According to an eighth aspect of the present inven 
tion, the head-mounted display device according to the first 
aspect further includes a window member transparent with 
respect to image light from the display element, the window 
member being provided so as to close up at least one of the 
light projection window and the light receiving window. 
0024. According to a ninth aspect of the present invention, 
in the head-mounted display device according to the first 
aspect, 
0025 the first casing is held, when in use, on the side of the 
head of the user so that the light projection window opens 
inward along the lateral direction with respect to the face of 
the user, and 
0026 the second casing is arranged, when in use, so that 
the light receiving window opens outward along the lateral 
direction with respect to the face of the user and the eyepiece 
window opens to the face side of the user within a view field 
of an eyeball in the vicinity of the first casing, in front of the 
face of the user. 
0027. According to a tenth aspect of the present invention, 
in the head-mounted display device according to the first 
aspect, 
0028 the first casing is held, when in use, on the side of the 
head of the user so that the light projection window opens 
inward along the lateral direction with respect to the face of 
the user; 
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0029 the second casing is arranged, when in use, so that 
the light receiving window opens outward along the lateral 
direction with respect to the face of the user and the eyepiece 
window opens to the face side of the user; and 
0030 the coupling portion couples the second casing to 
the first casing in Such a manner that the second casing is 
slidable in the lateral direction with respect to the user. 
0031. According to an eleventh aspect of the present 
invention, in the head-mounted display device according to 
the first aspect, 
0032 the eyepiece optical system has a positive refractive 
power and receives the image light incident from the display 
element, guides the image light to the front of an eyeball of a 
wearer, and emits the image light toward the eyeball. So as to 
make observable a virtual image formed by the image light; 
0033 the head-mounted display device includes a slide 
operation portion which is provided so as to be slidable, with 
respect to the first casing, in an anteroposterior direction of 
the head of the wearer; and 
0034 the slide operation portion is coupled to at least 
either the display element or an optical element in the eye 
piece optical system in Such a manner that the length of the 
optical path between the display element and the optical 
element is increased when the slide operation portion is slidin 
the anterior direction of the wearer. 
0035. According to a twelfth aspect of the present inven 

tion, in the head-mounted display device according to the 
eleventh aspect, 
0036 the display element is fixed to the first casing: 
0037 the optical element is fixed to the second casing; and 
0038 the slide operation portion is slidably provided to 
the first casing and coupled to the second casing so as to be 
attached to the optical element via the second casing. 
0039. According to a thirteenth aspect of the present 
invention, in the head-mounted display device according to 
the twelfth aspect, 
0040 the slide operation portion is provided so as to be 
slidable across an outside Surface of the first casing. 
0041 According to a fourteenth aspect of the present 
invention, in the head-mounted display device according to 
the thirteenth aspect, 
0042 the slide operation portion is provided so as to be 
slidable with respect to the first casing so that a virtual image 
can be observed in the line of sight that slopes downward 
within a view field of the wearer. 
0043. A head-mounted display device according to a fif 
teenth aspect of the present invention includes: 
0044 a display element; 
0.045 a casing accommodating the display element; 
0046 an eyepiece optical system with a positive refractive 
power, which receives image light incident from the display 
element, guides the image light to the front of an eyeball of the 
wearer, and emits the image light toward the eyeball. So as to 
make observable a virtual image formed by the image light; 
and 
0047 a slide operation portion which is provided so as to 
be slidable, with respect to the casing, in the anteroposterior 
direction of the head of the wearer, 
0048 in which the slide operation portion is coupled to at 
least either the display element or an optical element in the 
eyepiece optical system in Such a manner that a length of an 
optical path between the display element and the optical 
element is increased when the slide operation portion is slidin 
the anterior direction of the wearer. 
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0049 According to a sixteenth aspect of the present inven 
tion, in the head-mounted display device according to the 
fifteenth aspect, 
0050 the display element is fixed to the casing; and 
0051 the optical element is coupled to the slide operation 
portion. 
0.052 According to a seventeenth aspect of the present 
invention, in the head-mounted display device according to 
the sixteenth aspect, 
0053 the optical element includes a light guide member 
that has an incident plane for receiving the image light inci 
dent from the display element and an emitting plane for 
emitting the image light toward the eyeball of the wearer, the 
incident plane and the emitting plane being located on the 
near side in relation to the wearer. 
0054 According to an eighteenth aspect of the present 
invention, in the head-mounted display device according to 
the sixteenth aspect, 
0055 the casing has a first casing and a second casing: 
0056 the display element is fixed to the first casing: 
0057 the optical element is fixed to the second casing; and 
0.058 the slide operation portion is slidably provided to 
the first casing and coupled to the second casing so as to be 
attached to the optical element via the second casing. 
0059. According to a nineteenth aspect of the present 
invention, in the head-mounted display device according to 
the eighteenth aspect, 
0060 the slide operation portion is provided so as to be 
slidable across an outside surface of the first casing. 
0061 According to a twentieth aspect of the present inven 
tion, in the head-mounted display device according to the 
nineteenth aspect, 
0062 the slide operation portion is provided so as to be 
slidable with respect to the first casing so that a virtual image 
can be observed in the line of sight that slopes downward 
within a view field of the wearer. 
0063) Note that the term “casing according to the present 
invention refers to a notion including not only a case for 
storing, inside thereof, an optical element and/or an electronic 
element, but also a member or the like for guiding light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0064 FIG. 1 is a schematic sectional view illustrating a 
configuration of a main part of a head-mounted display device 
according to a first embodiment of the present invention; 
0065 FIGS. 2A and 2B each are an enlarged schematic 
sectional view of a second casing of FIG. 1 before and after 
being slid, respectively; 
0066 FIGS.3A and 3B are schematic perspective views of 
a main part of the second casing viewed from different direc 
tions; 
0067 FIGS. 4A and 4B are schematic perspective views of 
a main part of a first casing viewed from inside and outside, 
respectively; 
0068 FIGS.5A and 5B each are a schematic perspective 
view of a main part of the second casing of FIG. 1 before and 
after being slid, respectively; 
0069 FIG. 6 is a schematic sectional view illustrating a 
main part configuration of a head-mounted display device 
according to a second embodiment of the present invention; 
(0070 FIG. 7 is a schematic perspective view of a first 
casing and a second casing of FIG. 6 which are separated from 
each other; 
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0071 FIG. 8 is a schematic perspective view illustrating 
the head-mounted display device of FIG. 6 which is attached 
to eyeglasses; 
0072 FIG. 9 is a schematic sectional view illustrating a 
main part configuration of a head-mounted display device 
according to a third embodiment of the present invention; 
0073 FIG. 10 is a schematic perspective view of a first 
casing and a second casing of FIG.9 which are separated from 
each other; 
0074 FIG. 11 is a view for illustrating how the head 
mounted display device of FIG. 9 is used; 
0075 FIGS. 12A and 12B are schematic perspective 
views of a second casing and a first casing of a head-mounted 
display device according to a fourth embodiment of the 
present invention, the second casing and the first casing being 
separated from each other; 
0076 FIG. 13 is a schematic perspective view of the head 
mounted display device of FIGS. 12A and 12B, which is 
attached to eyeglasses; 
0077 FIGS. 14A and 14B are schematic perspective 
views of a second casing and a first casing of a head-mounted 
display device according to a fifth embodiment of the present 
invention, the first casing and the second casing being sepa 
rated from each other; 
0078 FIG. 15 is a schematic perspective view of the first 
casing and the second casing of FIGS. 14A and 14B, which 
are coupled to each other, 
007.9 FIG. 16 is a schematic perspective view illustrating 
the head-mounted display device of FIG. 15that is attached to 
eyeglasses; 
0080 FIG. 17 is a schematic sectional view illustrating a 
configuration of a main part of a head-mounted display device 
according to a sixth embodiment of the present invention; 
I0081 FIGS. 18A and 18B each are a view illustrating a 
configuration of a main part of a head-mounted display device 
according to a seventh embodiment of the present invention; 
0082 FIGS. 19A and 19B each are a schematic sectional 
view illustrating a configuration of a main part of a head 
mounted display device according to an eighth embodiment 
of the present invention; 
I0083 FIGS. 20A and 20B are views illustrating schematic 
internal configurations of a first casing and a second casing of 
FIGS. 19A an 19B, respectively: 
0084 FIG. 21 is a schematic perspective view of a first 
casing and a second casing of FIGS. 19A an 19B which are 
separated from each other; 
I0085 FIGS. 22A and 22B are a plan view and a side view, 
respectively, for illustrating a slide operation of the head 
mounted display device of FIGS. 19A an 19B; 
I0086 FIGS. 23A and 23B are side views illustrating a 
configuration of a main part of a head-mounted display device 
according to a ninth embodiment of the present invention; 
0087 FIG. 24 is a schematic perspective view of a first 
casing and a second casing of FIGS. 23A and 23B which are 
separated from each other; 
0088 FIGS. 25A and 25B are transverse sectional views 
each illustrating a configuration of a main part of a head 
mounted display device according to a tenth embodiment of 
the present invention; 
0089 FIG. 26 is a schematic perspective view of a first 
casing and a second casing of FIGS. 25A and 25B which are 
separated from each other; 
0090 FIG. 27 is a perspective view of the head-mounted 
display device of FIGS. 25A and 25B attached to eyeglasses; 
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0091 FIG. 28 is an enlarged view of a configuration of a 
main part of a head-mounted display device according to an 
eleventh embodiment of the present invention; 
0092 FIG. 29 is a view for illustrating how a distance to 
the virtual image is changed in the head-mounted display 
device according to the present invention; and 
0093 FIG. 30 is a view illustrating the head-mounted dis 
play device according to the present invention attached for 
use to headphones. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0094. In the following, embodiments of the present inven 
tion are described with reference to the accompanying draw 
ings. In the following embodiments, for the sake of conve 
nience in description, a head-mounted display device for the 
right eye is described. However, it is needless to say that the 
head-mounted display device of the present invention is not 
limited to the right eye, and can also be applied similarly to 
the left eye. 

First Embodiment 

(0095 FIGS. 1 to 5 are views for illustrating a head 
mounted display device according to a first embodiment of 
the present invention. FIG. 1 is a schematic sectional view 
illustrating a main part configuration of the head-mounted 
display device according to the first embodiment of the 
present invention, and FIGS. 2A and 2B each are an enlarged 
schematic sectional view of a second casing of FIG. 1 before 
and after being slid, respectively. FIGS. 3A and 3B are sche 
matic perspective views of a main part of the second casing 
viewed from different directions, FIGS. 4A and 4B are sche 
matic perspective views of a main part of a first casing viewed 
from inside and outside, respectively, and FIGS. 5A and 5B 
each are a schematic perspective view of a main part of the 
second casing of FIG. 1 before and after being slid, respec 
tively. 
0096. The head-mounted display device 10 according to 
this embodiment has the first casing 11, the second casing 12. 
and a coupling portion 13 for movably coupling the second 
casing 12 to the first casing 11. The first casing 11 has a fixing 
portion 15, through which the device is to be attached to a 
head support portion of a headset or to a temple of eyeglasses. 
FIG. 1 exemplifies a case where the fixing portion 15 has a 
ball joint 15a, and the first casing 11 is attached to a temple T. 
on the right side of eyeglasses EG via the ball joint 15a. 
0097. The first casing 11 is formed in an elongated box 
shape that extends in an anteroposterior direction when 
mounted for use to the right side of the head of a user, with an 
upper Surface and a lower Surface thereof protruding from 
both sides thereof. The first casing 11 incorporates therein at 
least a display panel 21 Serving as a display element such as 
a liquid crystal panel and an organic EL panel. FIG. 1 exem 
plifies a case where the first casing 11 incorporates therein, 
other than the display panel 21, electric components such as a 
circuit board 22 having a drive circuit or the like for the 
display panel 21 mounted thereon, a button battery 23, and a 
flexible printed circuit board 24 connecting between the dis 
play panel 21 and the circuit board 22. When in use as illus 
trated in FIG. 1, the first casing 11 has a light projection 
window 11a formed at the anterior end thereofthat opens in 
the anterior direction, that is, opens to the same side as the 
face of the use is directed. A window pane 25, which is a 
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window member transparent to image light emitted from the 
display panel 21, is disposed in the light projection window 
11a so as to cover in the opening of the light projection 
window 11a. Then, the image light from the display panel 21 
is adapted to pass through the window pane 25 so as to be 
projected toward the front of the face of the user from the light 
projection window 11a. 
0098. The second casing 12 is coupled to the first casing 11 
via the coupling portion 13, and extends from a leading end 
portion of the first casing 11 to the front of the right eyeball E. 
of the user in a lateral direction at an obtuse angle to the 
extending direction of the first casing 11. The second casing 
12, when in use, has a light receiving window 12a and an 
eyepiece window 12b formed therein, the light receiving win 
dow 12 and the eyepiece window 12b opening to the face side 
of the user, and incorporates therein an eyepiece optical sys 
tem 31 between the light receiving window 12a and the eye 
piece window 12b. The eyepiece optical system 31 has a 
prism 32 for optical path length correction which is disposed 
So as to cover in the opening of the light receiving window 
12a, an eyepiece lens 33 that has a positive refractive power 
and is disposed so as to cover in the eyepiece window 12b, and 
a light guide member 34 disposed between the prism 32 and 
the eyepiece lens 33. Accordingly, the prism 32 also acts as a 
window member of the light receiving window 12a. 
0099. The light guide member 34 is formed of a prism in a 
trapezoidal shape that has a first optical surface 34a with a 
relatively large area, a second optical surface 34b with a 
relatively small area which is opposed to the first optical 
surface 34a, and a third optical surface 34c and a fourth 
optical surface 34d which are inclined to connect the first 
optical surface 34a and the second optical surface 34b. The 
first optical Surface 34a has an incident plane for the image 
light at one end portion, and an emitting plane for the image 
light on the other end portion. 
0100. The image light from the display panel 21 is made 
incident on the first optical surface 34a through the prism 32, 
which is then sequentially reflected in the light guide member 
34 five times on the third optical surface 34c, on the first 
optical surface 34a, on the second optical surface 34b, on the 
first optical surface 34a, and on the fourth optical surface 34d. 
and then emitted from the emitting plane of the first optical 
Surface 34a to the right eyeball E. as being condensed by the 
eyepiece lens 33. This allows the user to observe a virtual 
image formed by the image light. 
0101 The coupling portion 13 includes a slide member 41 
with a hollow structure integrally formed with the second 
casing 12. The slide member 41 is attached onto an outside 
surface of the first casing 11 so as to be slidable, through a 
slide operation made by the user, along the extending direc 
tion of the first casing 11. For this purpose, as illustrated in 
FIGS. 3A and 3B, two guide holes 42.43 are formed on a slide 
surface side (inside surface side) of the slide member 41 as 
being spaced apart in the slide direction, the guide holes 42, 
43 each extending in the slide direction. Further, as illustrated 
in FIG. 4B, the coupling portion 13 has, on an outside surface 
side thereof, guide pins 44, 45 which are to engage with the 
two guide holes 42, 43 of the slide member 41. The guide pins 
44, 45 have flange portions 44a, 45a at the apex thereof, 
respectively, so as to prevent the guide pins 44, 45 from 
coming off the corresponding guide holes 42.43. Further, the 
guide holes 42, 43 have openings 42a, 43a formed at an end 
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thereof so as to allow the flange portions 44a, 45a of the 
corresponding guide pins 44, 45 to be inserted and removed 
therethrough. 
0102 This configuration allows the second casing 12 to be 
detachably coupled to the first casing 11 via the coupling 
portion 13. Then, the second casing 12 is made slidable, 
through the slide operation of the slide member 41 by the user, 
when in use as being coupled to the first casing 11, in the 
extending direction of the first casing 11, that is, in the antero 
posterior direction of the head of the user. Further, when in 
use, the guide holes 42, 43 formed in the slide member 41 and 
the guide pins 44, 45 formed in the outside surface of the first 
casing 11 are not visible externally, which is also favorable in 
appearance. The slide member 41 can be operated so as to be 
retained at an arbitrary slide position, with the aid of friction 
against the first casing 11 or a known slide Support mecha 
nism (not shown). 
0103) Further, the first casing 11 is provided with light 
shielding members 11f. 11g, which are formed to protrude 
forward from upper and lower Surfaces across the slide range 
of the slide member 41 so as to vertically sandwich the second 
casing 12. The second casing 12 is provided with a light 
shielding member 12c, which is formed across the slide 
operation range of the slide member 41 so as to be slidable 
across the inside Surface of the first casing 11, in Such a 
manner that the leading end portion of the first casing 11 is 
laterally sandwiched between the light shielding member 12c 
and the slide member 41. With this configuration, the optical 
path between the light projection window 11a and the light 
receiving window 12a is in conjunction with the slide mem 
ber 41 so as to be shielded from external light across the slide 
range of the slide member 41. 
0104. According to the head-mounted display device 10 of 
this embodiment, for example, when the slide member 41 of 
FIGS. 2A and 5A is moved in an anterior direction by the user, 
the second casing 12 is moved integrally with the slide mem 
ber 41 in the same direction as illustrated in FIGS. 2B and 5B. 
In this manner, the optical path length between the light 
projection window 11a of the first casing 11 and the light 
receiving window 12a of the second casing 12 is adjusted. 
Specifically, when the second casing 12 is changed from the 
state of FIG. 2A to the state of FIG. 2B, the distance between 
the display panel 21 accommodated in the first casing 11 and 
the eyepiece optical system 31 accommodated in the second 
casing 12 is increased. To be more precise, the optical path 
length between the display panel 21 and the eyepiece lens 33 
is increased, with the result that a position of a virtual image 
to be formed by the image light moves further away. 
0105. Accordingly, the slide member 41 and the virtual 
image move in the same direction, which allows the user to 
make diopter adjustments through an intuitive slide opera 
tion. Further, the guide pins 44, 45 are spaced apart in the 
extending direction of the first casing 11, and hence along 
distance can be secured therebetween, which causes less 
runout of the guide, to thereby allow stable diopter adjust 
ments to be made. Further, the first casing 11 and the second 
casing 12 each have, inside thereof, no moving mechanism 
for diopter adjustments, and hence do not suffer from grit and 
dust which are otherwise generated due to the grinding down 
of a sliding member resulting from the sliding or the like of 
the moving mechanism. Further, both of the first casing and 
the second casing can be increased in sealing performance 
with ease. The display panel 21 is fixed while the eyepiece 
optical system 31 is slid, and hence the slide operation does 
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not cause the electric components to move, which is less 
likely to cause trouble. Further, the slide member 41 is 
attached to an outside surface of the first casing 11, which 
allows the user to operate the slide member 41 with ease 
without taking off the device. 
0106 Further, the optical path between the light projection 
window 11a of the first casing 11 and the light receiving 
window 12a of the second casing 12 is in conjunction with the 
slide member 41 so as to be completely enclosed, across the 
slide range of the slide member 41, by the light the light 
shielding members 11f.11g of the first casing 11 and the light 
shielding member 12c of the second casing 12. In this man 
ner, external light is shielded from entering the optical path, 
so that a virtual image of stable quality can be observed 
irrespective of the amount of diopter adjustments. Further, 
external light is prevented from entering the light projection 
window 11a and the light receiving window 12a, which effec 
tively prevents grit and dust from adhering to an outer Surface 
of the window pane 25 of the light projection window 11a and 
to an outside surface of the prism 32 of the light receiving 
window 12a. As a result, an image of excellent quality can be 
stably observed for a prolonged period of time. Further, the 
slide member 41 provided to the second casing 12 is detach 
ably attached to the first casing 11. Therefore, even in a case 
where grit and dust are adhered to outer surfaces of the win 
dow pane 25 and the prism 32, the slide member 41 can be 
detached from the first casing 11 so as to separate the first 
casing 11 and the second casing 12 from each other, to 
thereby allow the window pane 25 and the prism 32 to be 
cleaned. Further, the light shielding members 11f. 11g do not 
cover the right and left sides of the window pane 25, and 
hence the window pane 25 can be cleaned thoroughly with 
ease from right and left using a cotton Swab or the like. 
Similarly, the prism 32 can be cleaned thoroughly with ease 
from above and below using a cotton swab or the like. 
0107 The first casing 11 is fixed to the temple T of the 
eyeglasses EG through the fixing portion 15 having the ball 
joint 15a. Therefore, in addition to the diopter adjustments 
through the anteroposterior movement of the second casing 
12 made by the slide member 41, the first casing 11 and the 
second casing 12 can be integrally moved so as to be turned 
from side to side and up and down about the ball joint 15a, to 
thereby adjust the position of the eyepiece window 12b from 
side to side and up and down so as to be located in front of the 
right eyeball E. 

Second Embodiment 

0108 FIGS. 6 to 8 are views for illustrating ahead 
mounted display device according to a second embodiment of 
the present invention. FIG. 6 is a schematic sectional view 
illustrating a main part configuration of a head-mounted dis 
play device: FIG. 7 is a schematic perspective view of the first 
casing and the second casing which are separated from each 
other; and FIG. 8 is a schematic perspective view illustrating 
the head-mounted display device attached to the eyeglasses 
EG. The head-mounted display device 50 according to this 
embodiment is different from the head-mounted display 
device 10 according to the first embodiment mainly in terms 
of configuration of the eyepiece optical system 31 and the 
coupling portion 13. Therefore, the constituent elements that 
function similarly to those of the head-mounted display 
device 10 of the first embodiment are denoted by the same 
reference symbols, and the description thereof is omitted. 
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0109 The eyepiece optical system 31 includes a first lens 
51 with a positive refractive power, the second lens 52 with a 
negative refractive power, a light guide member 53, and an 
eyepiece lens 54 with a positive refractive power, so that the 
eyepiece optical system 31 has a positive refractive power as 
a whole. The first lens 51 is disposed in the first casing 11 so 
as to cover in the light projection window 11a of the first 
casing 11. The second lens 52 is disposed in the second casing 
12 so as to cover in the light receiving window 12a of the 
second casing 12. The eyepiece lens 54 is disposed in the 
second casing 12 so as to cover in the eyepiece window 12b of 
the second casing 12. 
0110. The light guide member 53 is formed of a prism, 
which is configured in Such a manner that image light that has 
passed through the second lens 52 and made incident from an 
incident plane 53a is sequentially reflected twice on a reflect 
ing plane 53b and a reflecting plane 53c, and caused to pass 
through the eyepiece lens 54 to be output from an emitting 
plane 53d to the same side as the incident side. The incident 
plane 53a is worked so as to be orthogonal to the optical axis 
of the eyepiece optical system 31, that is, the central ray of the 
incident image light, and the second lens 52 is cemented to the 
incident plane 53a. The emitting plane 53d of light guide 
member 53 is worked so as to be orthogonal to the optical axis 
of the eyepiece optical system 31, that is, the central ray of the 
image light reflected on the reflecting plane 53c, and the 
eyepiece lens 54 is cemented to the emitting plane 53d. 
0111. The coupling portion 13 includes a slide member 55 
in a plate shape integrally formed to the second casing 12. The 
slide member 55, for example, detachably engages with dove 
tail grooves 11h forming the coupling portion 13, the dovetail 
grooves 11h being formed on the outside surface side of the 
first casing 11, and slides across the outside Surface of the first 
casing 11 along the extending direction of the first casing 11. 
Similarly, the light shielding member 12c formed to the sec 
ond casing 12, for example, detachably engages with dovetail 
grooves 11 i formed on an inside Surface side of the first casing 
11, and slides across the inside surface of the first casing 11 
along the extending direction of the first casing 11. Note that 
the slide member 55 has an operation portion 55a to be 
touched by the finger of the user, which is formed on the 
outside surface of the slide member 55. The operation portion 
55a has nonslip means formed thereto, the nonslip means 
having a plurality of protrusions or grooves in thin Strings or 
a plurality of asperities. 
0112 According to the head-mounted display device 50 of 
this embodiment, the slide member 55 coupled to the second 
casing 12 is slide-operated with respect to the first casing 11, 
to thereby adjust the optical path length between the first lens 
51, which forms the eyepiece optical system 31 and is pro 
vided to the light projection window 11a of the first casing 11, 
and the second lens 52, which forms the eyepiece optical 
system 31 and is provided to the light receiving window 12a 
of the second casing 12, so that the optical path length is 
increased as the second casing 12 is moved forward. Further, 
the optical path length between the light projection window 
11a of the first casing 11 and the light receiving window 12a 
of the second casing 12 is enclosed by the slide member 55. 
the light shielding members 11f.11g of the first casing 11, and 
the light shielding member 12c of the second casing 12. 
across the slide range of the slide member 55. Therefore, the 
similar effects as in the case of the first embodiment can be 
obtained. 
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0113. In this embodiment, the eyepiece lens 54 is 
cemented to the emitting plane 53d of the light guide member 
53, and hence the second casing 12 may be configured to hold 
the light guide member 53 only by the incident side thereof, 
with the emitting side of the light guide member 53 being 
exposed. In this case, the light guide member 53 may also be 
inclusively assumed as part of the second casing. Further, 
although the second casing 12 and the light guide member 53 
can be removed for cleaning dust or water adhered thereto, it 
involves difficulty in removing the first casing 11 for cleaning 
water or dust that has entered because the first casing 11 
includes the display panel 21 and a circuit for driving the 
display panel. Therefore, it is important to form the first 
casing 11 So as to exhibit high sealing performance. 

Third Embodiment 

0114 FIGS. 9 to 11 are views for illustrating a head 
mounted display device according to a third embodiment of 
the present invention. FIG. 9 is a schematic sectional view 
illustrating a main part configuration of the head-mounted 
display device: FIG. 10 is a schematic perspective view of the 
first casing and the second casing which are separated from 
each other; and FIG. 11 is a view for illustrating how the 
head-mounted display device is used. The head-mounted dis 
play device 60 according to this embodiment is different from 
the head-mounted display device 50 according to the second 
embodiment mainly in terms of configuration of the first 
casing 11 and the coupling portion 13. Therefore, the con 
stituent elements that function similarly to those of the head 
mounted display device 50 of the second embodiment are 
denoted by the same reference symbols, and the description 
thereof is omitted. 
0115 Specifically, in this embodiment, the first casing 11 

is formed to have a tubular outer shape, and configured to be 
fixed to the temple T of the eyeglasses EG via the fixing 
portion 15. 
0116 Further, the coupling portion 13 has a tubular mem 
ber 61 integrally formed with the second casing 12. The 
tubular member 61 is held at the leading end portion of the 
first casing 11 in a tubular shape as being turnably engaged 
therewith so as to be slidable in the axial direction. With this 
configuration, the second casing 12 can be slid in the axial 
direction of the first casing 11 via the tubular member 61 so as 
to make diopter adjustments. Further, the second casing 12 
can be turned via the tubular member 61 with respect to the 
first casing 11 So as to adjust the position of the eyepiece 
window 12b in a vertical direction (height direaction) within 
the view field. 
0117. According to the head-mounted display device 60 of 

this embodiment, the similar effects as in the case of the 
second embodiment can be obtained. In particular, in this 
embodiment, the optical path between the light projection 
window 11a of the first casing 11 and the light receiving 
window 12a of the second casing 12 is completely enclosed 
by the tubular member 61, across the moving range of the 
second casing 12 in the anteroposterior direction. Therefore, 
the device can be further improved in light-shielding property 
and dust-proof property. 

Fourth Embodiment 

0118 FIGS. 12 and 13 are views for illustrating a head 
mounted display device according to a fourth embodiment of 
the present invention. FIGS. 12A and 12B are schematic 
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perspective views of the second casing and the second casing 
of a head-mounted display device according to the fourth 
embodiment of the present invention, the second casing and 
the first casing being separated from each other; and FIG. 13 
is a schematic perspective view of the head-mounted display 
device attached to the eyeglasses EG. The head-mounted 
display device 70 according to this embodiment is different 
from the head-mounted display device 50 according to the 
second embodiment mainly in terms of configuration of the 
coupling portion 13 and the light shielding member 12c. 
Therefore, the constituent elements that function similarly to 
those of the head-mounted display device 50 of the second 
embodiment are denoted by the same reference symbols, and 
the description thereof is omitted. 
0119) Specifically, the coupling member 13 includes a 
slide member 71 in a plate shape integrally formed to the 
second casing 12, so as to slide across the lower Surface of the 
first casing 11. The slide member 71 has, for example, a 
dovetail groove 71a formed on a slide surface side thereof, 
while the first casing 11 has a tenon 11j formed in a lower 
surface thereof, which is to be detachably engaged with the 
dovetail groove 71a of the slide member 71. Then, the second 
casing 12 is coupled to the first casing 11 through the engage 
ment between the dovetail groove 71a of the slide member 71 
and the tenon 11j of the first casing 11 so as to be slidable with 
respect to the first casing 11, in the anteroposterior direction 
of the head of the user. With this configuration, the diopter 
adjustments can be made through slide operation of the slide 
member 71. 
I0120) Further, the light shielding member 12c of the sec 
ond casing 12 is formed as being coupled to the slide member 
71 so as to be located inside (on the head side) when in use. 
Accordingly, the light shielding member 12c forms an 
L-angle together with the slide member 71. Further, the light 
shielding members 11f. 11g of the first casing 11 are formed 
so as to protrude forward from the upper surface and the 
outside Surface when in use. Accordingly, the light shielding 
members 11f. 11g form an L-angle. Then, when in use, the 
optical path between the light projection window 11a of the 
first casing 11 and the light receiving window 12a of the 
second casing 12 is enclosed by the slide member 71, and the 
light shielding members 11f.11g, across the slide range of the 
slide 110 member 71, so that external light is shielded from 
entering the optical path. 
I0121 According to the head-mounted display device 70 of 
this embodiment, the similar effects as in the case of the 
second embodiment can be obtained. In particular, in this 
embodiment, an L-angle on the first casing 11 side is formed 
by the light shielding members 11f.11g, while an L-angle on 
the second casing 12 side is formed by the slide member 71 
and the light shielding member 12c. Therefore, even when the 
light shielding members 11f.11g, or the slide member 71 and 
the light shielding member 12c are reduced in thickness, the 
strength can be secured with ease, which attains reduction in 
weight. 

Fifth Embodiment 

0.122 FIGS. 14, 15, and 16 are views for illustrating a 
head-mounted display device according to a fifth embodi 
ment of the present invention. FIGS. 14A and 1413 are sche 
matic perspective views of the second casing and the first 
casing of the head-mounted display device, the first casing 
and the second casing being separated from each other; FIG. 
15 is a schematic perspective view of the first casing and the 
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second casing, which are coupled to each other, and FIG. 16 
is a schematic perspective view illustrating the head-mounted 
display device attached to the eyeglasses EG. The head 
mounted display device 80 of this embodiment is different 
from the head-mounted display device 70 of the fourth 
embodiment mainly interms of configuration of the coupling 
portion 13, the second casing 12, and the light shielding 
member 12c. Therefore, the constituent elements that func 
tion similarly to those of the head-mounted display device 70 
of the fourth embodiment are denoted by the same reference 
symbols, and the description thereof is omitted. 
0123 Specifically, the slide member 71 forming the cou 
pling member 13 is integrally formed to the second casing 12 
So as to slide across the outside Surface of the first casing 11. 
For this purpose, a tenon 11j is formed on the outside surface 
of the first casing 11, so as to be detachably engaged with the 
dovetail groove 71a of the slide member 71. 
0.124. Further, the light receiving window 12a of the sec 
ond casing 12 is formed in a projecting window portion 12d in 
a box shape, and the light shielding member 12c is formed, on 
the lower surface side of the projecting window portion 12d. 
So as to protrude from the projecting window portion 12d to 
the first casing 11 side. Here, the light shielding member 12c 
is integrally formed to the slide member 71, so as to form an 
L-angle together with the slide member 71. 
0.125 Further, the light shielding members 11f and 11g of 
the first casing 11 are integrally formed as protruding forward 
So as to slide across an upper Surface and an inside Surface of 
the projecting window portion 12d. and form an L-angle. 
When in use, the optical path between the light projection 
window 11a of the first casing 11 and the light receiving 
window 12a of the second casing 12 is enclosed by the slide 
member 71 and the light shielding members 11f. 11g, 12c, 
across the slide range of the slide member 71, so that, simi 
larly to the above-mentioned embodiments, external light is 
shielded from entering the optical path. Therefore, even in 
this embodiment, the similar effects as in the case of the 
fourth embodiment can be obtained. 

Sixth Embodiment 

0126 FIG. 17 is a schematic sectional view illustrating a 
configuration of a main part of a head-mounted display device 
according to a sixth embodiment of the present invention. The 
constituent elements that function similarly to those in the 
above-mentioned embodiments are denoted by the same ref 
erence symbols, and the description thereof is omitted. 
0127. In the head-mounted display device 90 of this 
embodiment, when in use, the light projection window 11a of 
the first casing 11 opens inward along the lateral direction 
with respect to the face of the user. Further, a total reflecting 
prism 91 is incorporated in the first casing 11 so as to cover the 
light projection window 11a. With this configuration, image 
light emitted from the display panel 21 is subjected to total 
reflection and emitted from the light projection window 11a. 
0128. The second casing 12 is coupled to the first casing 11 
via the coupling portion 13, and has the light receiving win 
dow 12a that opens outward, when in use, along the lateral 
direction with respect to the face of the user, in front of the 
face of the user, so that the eyepiece window 12b is disposed 
as being opened to the user's face side within the view field of 
the right eyeball E. The eyepiece optical system 31 has a 
front lens 92 with a positive refractive power, which is dis 
posed so as to cover in the opening of the light receiving 
window 12a, an eyepiece lens 93 with a positive refractive 
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power, which is disposed so as to cover in the eyepiece win 
dow 12b, and a light guide member 94 disposed between the 
front lens 92 and the eyepiece lens 93. Accordingly, the front 
lens 92 also functions as a window member of the light 
receiving window 12a. 
I0129. The light guide member 94 is formed in a bar shape 
having an incident plane 94a, a reflecting plane 94b, and an 
emitting plane 94c, in which image light from the display 
panel 21 that has passed through the front lens 92 to be 
incident on the incident plane 94a is reflected on the reflecting 
plane 94b, and then emitted from the emitting plane 94c 
through the eyepiece lens 93 toward the right eyeball E. This 
allows the user to observe a virtual image formed by the 
image light. 
0.130. The coupling portion 13 has a tubular member 95 
formed as protruding from the light projection window 11a of 
the first casing 11. The second casing 12 has the incident end 
portion side thereof inserted into the tubular member 95 so as 
to be slidable in the lateral direction, so that the second casing 
12 can be coupled to the first casing 11 in Such a manner as to 
make adjustable the optical path length between the light 
projection window 11a and the light receiving window 12a. 
I0131. According to the head-mounted display device 90 of 
this embodiment, when in use, the first casing 11 and the 
second casing 12 are integrally turned in the lateral direction 
about the ball joint 15a of the fixing portion 15 while the first 
casing 11 is slid in the lateral direction with respect to the first 
casing 12, to thereby allow the diopter adjustments and the 
interpupillary adjustment to be performed simultaneously. 
Further, the optical path between the light projection window 
11a of the first casing 11 and the light receiving window 12a 
of the second casing 12 are completely enclosed by the tubu 
lar member 95, across the moving range of the second casing 
in the lateral direction. Therefore, the similar effects as in the 
case of the third embodiment can be obtained. The tubular 
member 95 and a portion of the second casing to be inserted 
into the tubular member 95 may both be in a shape of a 
circular cylinder or a rectangular cylinder. In the case of a 
circular cylinder, the orientation of the eyepiece window 12b 
with respect to the right eyeball E can be adjusted through 
the rotation of the second casing 12 with respect to the first 
casing 11. 

Seventh Embodiment 

(0132 FIGS. 18A and 18B each are a view illustrating a 
configuration of a main part of a head-mounted display device 
according to a seventh embodiment of the present invention. 
The head-mounted display device 110 includes a casing 111, 
and a fixing portion 112 for attaching the casing 111 to a head 
Support portion of a headset (not shown) or a temple of 
eyeglasses (not shown) on a side of the head of a wearer. The 
casing 111 is formed into an L-shape that has a first portion 
111a extending in the anteroposterior direction of the head of 
the wearer and a second portion 111b extending in the lateral 
direction from the leading end portion of the first portion 111a 
to the front of the right eyeball E of the wearer, when 
mounted on the right side of the head of the wearer. 
I0133. The first portion 111a of the casing 111 has a display 
panel 113 fixed thereto, the display panel 113 serving as a 
display element Such as a liquid crystal panel and an organic 
EL panel, and also has electric components disposed therein, 
the electric components (not shown) including a drive circuit 
for the display panel 113. Further, disposed in the second 
portion 111b of the casing 111 is an eyepiece optical system 
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114 with a positive refractive power, which receives image 
light incident from the display panel 113 to guide the image 
light to the front of the right eyeball E of the wearer, so as to 
emit the light toward the right eyeball E, to thereby make 
observable a virtual image. Note that the second portion 111b 
has an eyepiece window 111c formed at a position through 
which the image light from the eyepiece optical system 114 is 
emitted. 

0134. The eyepiece optical system 114 has a light guide 
member for receiving image light incident from the display 
panel 113 and guiding the image light to the front of the right 
eyeball E, and an eyepiece lens 116 with a positive refractive 
power for condensing the image light emitted from the light 
guide member 115 and emitting the condensed image light 
toward the right eyeball E. The light guide member 115 is 
formed of a prism in a trapezoidal shape that has a first optical 
surface 117 with a relatively large area, a second optical 
surface 118 with a relatively small area which is opposed to 
the first optical surface 117, and a third optical surface 119 
and a fourth optical surface 120 which are slanted to connect 
the first optical surface 117 and the second optical surface 
118. 

0135 The first optical surface 117 has an incident plane 
117a for the image light on one end portion thereof and an 
emitting plane 117 for the image light on the other endportion 
thereof. The light guide member 115 is disposed in such a 
manner that, when the casing 111 is mounted on the head of 
the wearer, the first optical surface 117 lies on the near side in 
relation to the wearer. Then, in the light guide member 115, 
the image light from the display panel 113 that has been made 
incident on the incident plane 117a of the first optical surface 
117 is sequentially reflected five times on the third optical 
surface 119, on the first optical surface 117, on the second 
optical surface 118, on the first optical surface 117, and on the 
fourth optical surface 120, and then emitted from the emitting 
plane 117b of the first optical surface 117. 
0136. The eyepiece lens 116 is arranged in the emitting 
plane 117b of the first optical surface 117, and condenses the 
image light emitted from the emitting plane 117 so as to emit 
the condensed image light toward the right eyeball E. This 
allows the user to observe a virtual image formed by the 
image light. Here, the eyepiece window 111c is large enough 
to allow the eyepiece lens 116 to protrude therefrom. 
0.137 The head-mounted display device 110 according to 

this embodiment has, inside the first portion 111a of the 
casing 111, a slide member 121 slidable in the extending 
direction of the first portion 111a, that is, in the anteroposte 
rior direction of the head when the casing 111 is mounted on 
the head of the wearer. The slide member 121 is formed, for 
example, in a U-shape in cross section orthogonal to the slide 
direction so as to avoid electric components including the 
display panel 113 disposed in the first portion 111a and so as 
not to reject the image light from the display panel 113, and 
has the light guide member 115 coupled to the leading end 
portion of the slide member 121. 
0138 Further, at the posterior end portion of the slide 
member 121, as also illustrated in the detailed partial side 
view of FIG. 18A, the slide operation portion 122 is formed as 
being exposed outside through a guide hole 111d formed in 
the outside surface of the first portion 111a of the casing 111. 
Here, the guide hole 111d is formed as being extended in the 
slide direction of the slide member 121. Then, the slide mem 
ber 121 can be operated through the slide operation portion 
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122 so as to be retained at an arbitrary slide position, with the 
aid of friction against the casing 111 or a known slide Support 
mechanism (not shown). 
0.139. According to the head-mounted display device 110 
of this embodiment, for example, when the wearer moves the 
slide operation portion 122 in the anterior direction from the 
state illustrated in FIG. 18A, the eyepiece optical system 114 
as a whole moves in the same direction integrally with the 
slide operation portion 122, as illustrated in FIG. 18B, within 
the second portion 111b of the casing 111. As a result, the 
optical path length between the display panel 113 and the 
eyepiece optical system 114, and more specifically, the opti 
cal path length between the display panel 13 and the eyepiece 
lens 116 is increased, so that a position of a virtual image to be 
formed by the image light moves further away. Therefore, the 
slide operation portion 122 and the virtual image move in the 
same direction, which allows the wearer to make diopter 
adjustments and image distance adjustments through an intui 
tive slide operation. Further, the optical length between the 
display panel 113 and the eyepiece optical system 114 is 
changed, so as to make the most of a small change in optical 
length to have a great effect in diopter adjustments. With this 
configuration, the diopter adjustments can be effectively per 
formed, without increasing size and weight of the device. 
Further, the display panel 113 is fixed while the eyepiece 
optical system 114 is slid, and hence the slide operation does 
not cause the electric components to move, which is less 
likely to cause trouble. Further, the slide operation portion 
122 is slidably provided to the outside surface of the first 
portion 111a of the casing 111, which allows the user to 
operate the slide operation portion 122 with ease without 
taking off the device. 

Eighth Embodiment 
(O140 FIGS. 19A and 19B each are a plan view and a side 
view, respectively, illustrating a configuration of a main part 
of a head-mounted display device according to an eighth 
embodiment of the present invention. The constituent ele 
ments that function similarly to those of FIG. 18 are denoted 
by the same reference symbols, and the description thereof is 
omitted. The head-mounted display device 130 has a first 
casing 131 and a second casing 132. The first casing 131 has 
a fixing portion 133, through which the device is to be 
attached to a head Support portion of a headset or a temple of 
eyeglasses. FIG. 19A exemplifies a case where the fixing 
portion 133 is attached to a temple T on the right side of 
eyeglasses E.G. 
0.141. The first casing 131 extends in the extending direc 
tion of the temple T, that is, in an anteroposterior direction of 
the head of the wearer when the eyeglasses EG is worn. The 
second casing 132 extends from a leading end portion of the 
first casing 131 to the front of the right eyeball E of the 
wearer in a lateral direction at an obtuse angle to the extend 
ing direction of the first casing 131. 
0142. The first casing 131 has a prism 134 for optical path 
length correction which is fixed thereto, as illustrated in 
FIGS. 20A and 20B, in addition to the display panel 113 and 
electric components (not shown). Further, the second casing 
132 has the eyepiece optical system 114 fixed thereto, the 
eyepiece optical system 114 including the light guide mem 
ber 115 and the eyepiece lens 116. Note that the first casing 
131 is formed in a box shape as a whole, with an emitting 
window 131a being formed at a portion through which the 
image light is emitted. Further, the second casing 132 has an 
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incident window 132a for the image light, which is formed at 
a portion corresponding to the emitting window 131a of the 
first casing 131, that is, a portion corresponding to the inci 
dent surface 117a of the light guide member 115, and an 
eyepiece window 132b for allowing the image light to pass 
therethrough, which is formed at a portion corresponding to 
the eyepiece lens 116. 
0143 A slide operation portion 135 is provided to the 
second casing 132 includes so as to be slidable across the 
outside surface of the first casing 131 in the extending direc 
tion of the first casing 131. For this reason, as illustrated in 
FIG. 21 which illustrates the first casing 131 and the second 
casing 132 separated from each other, the slide operation 
portion 135 has, on a slide surface thereof, guide pins 136, 
137 formed on two points in the slide direction. Further, the 
first casing 131 has, in the outside surface thereof, guide holes 
131b, 131c with which the guide pins 136, 137 are engaged. 
The guide holes 131b, 131c are formed as being extended in 
the slide direction. The guide pins 136, 137 have flange por 
tions 136a, 137a formed at the apex thereof, respectively, so 
as to prevent the guide pins 136, 137 from coming off the 
corresponding guide holes 131b, 131c. Further, the guide 
holes 131b, 131c have openings 131d. 131e formed at an end 
thereof so as to allow the flange portions 136a, 137a of the 
corresponding guide pins 136, 137 to be inserted and 
removed therethrough. 
0144. This configuration allows the second casing 132 to 
be detachably coupled to the first casing 131 via the slide 
operation portion 135. Then, the second casing 132 is made 
slidable when coupled to the first casing 131, through the 
slide operation of the slide member 135, in the extending 
direction of the first casing 131, that is, in the anteroposterior 
direction of the head of the wearer. Here, in order to shield 
external light entering through the incident window 132a of 
the second casing 132 across the slide operation range of the 
slide operation portion 135, canopies 131f. 131 fare formed 
on the upper and lower Surfaces of the first casing 131, as 
illustrated in FIG. 21, so as to protrude forward in such a 
manner as to vertically sandwich the second casing 132. 
Further, a canopy 132c is formed to the second casing 132 so 
as to laterally sandwich the leading end portion of the first 
casing 131 in cooperation with the slide operation portion 
135. 
0145 According to the head-mounted display device 130 
of this embodiment, for example, when the wearer slide 
operates, in the anterior direction, the slide operation portion 
135 formed on the outside surface of the first casing 131 from 
the state illustrated in FIG. 19, the second casing 132 moves 
in the same direction integrally with the slide operation por 
tion 135 as illustrated in FIGS. 22A and 22B. As a result, the 
distance between the display panel 113 accommodated in the 
first casing 131 and the eyepiece optical system 114 accom 
modated in the second casing 132 is changed from the State 
illustrated in FIG. 20A to the state illustrated in FIG. 20B, 
increasing the optical path length between the display panel 
113 and the eyepiece lens 116, so that a position of a virtual 
image to be formed by the image light moves further away. 
Therefore, the similar effects as in the case of the seventh 
embodiment can be obtained. Further, external light entering 
the optical path due to the movement of the second casing 132 
can also be shielded, which allows a virtual image to be 
observed with stable quality irrespective of the image dis 
tance. 

Ninth Embodiment 

0146 FIGS. 23 and 24 are views for illustrating a head 
mounted display device according to a ninth embodiment of 
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the present invention, in which: FIGS. 23A and 23B are side 
views illustrating a configuration of a main part; and FIG. 24 
is a view of a first casing and a second casing which are 
separated from each other. The head-mounted display device 
140 according to this embodiment is different from the head 
mounted display device 130 according to the eighth embodi 
ment in that the slide operation portion 135 support the sec 
ond casing 132 is provided so as to be slidable with respect to 
the first casing 131, so that a virtual image can be observed in 
the line of sight sloping downward within the field of vision 
(view field) of the wearer, that is, in the line of sight directed 
slightly downward. 
0147 For this purpose, the first casing 131 is formed in 
Such a manner that the leading end portion thereof slopes in 
the slide direction of the slide operation portion 135, so as to 
be adapted to emit the image light from the display panel 113 
(see FIG. 20) in the direction of the slope. Further, the slide 
operation portion 135 is formed in such a manner that the 
leading end portion Support the second casing 132 slopes in 
the slide direction. Similarly, the second casing 132 is sup 
ported by the slide operation portion 135 as being aslope so 
that the image light emitted in the direction slanting down 
ward from the first casing 131 is made incident and the image 
light is guided to the front of an eyeball of the wearer so as to 
be emitted in obliquely upward toward the eyeball. Here, FIG. 
23B illustrates the slide operation portion 135 which has been 
slid obliquely downward from the state of FIG. 23A. 
0.148. According to the head-mounted display device 140 
of this embodiment, the similar effects as in the case of the 
ninth embodiment can be obtained. Further, the slide opera 
tion portion 135 support the second casing 132 is configured 
to be slidable in Such a manner that a virtual image can be 
observed in the line of sight directed slightly downward 
within the field of vision (view field) of the wearer, so that the 
distance to the virtual image can be adjusted while keeping a 
display position slightly downward which does not interfere 
with the front field of view, when the device is intended for 
COnStant use. 

Tenth Embodiment 

0149 FIGS. 25 to 27 are views for illustrating a head 
mounted display device according to a tenth embodiment of 
the present invention, in which: FIGS. 25A and 25B are 
transverse sectional views illustrating a configuration of a 
main part thereof FIG. 26 is a view of the casings separated 
from each other; and FIG. 27 is a perspective view of the 
head-mounted display device attached to eyeglasses. The 
head-mounted display device 150 according to this embodi 
ment is different from the head-mounted display device 130 
according to the eighth embodiment mainly in terms of con 
figuration of the eyepiece optical system. Therefore, the con 
stituent elements that function similarly to those described 
with reference to the eighth embodiment are denoted by the 
same reference symbols, and the description thereof is omit 
ted. 

0150. In this embodiment, the eyepiece optical system 151 
has a first lens 152 with a positive refractive power, a second 
lens 153 with a negative refractive power, a light guide mem 
ber 154 formed of a prism, and the eyepiece lens 116 with a 
positive refractive power. Then, image light from the display 
panel 113 accommodated in the first casing 131 passes 
through the first lens 152, the second lens 153, the light guide 
member 154, and the eyepiece lens 116 so as to have a 
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positive refractive power in its entirety, and is emitted toward 
the right eyeball E of the wearer. 
0151. Here, the first lens 152 is held by the emitting win 
dow 131a of the first casing 131. Further, the second lens 153, 
the light guide member 154, and the eyepiece lens 116 are 
held by the second casing 132, with the second lens 153 being 
cemented to the incident plane of the light guide member 154 
so as to be located at the incident window 132a of the second 
casing 132 and the eyepiece lens 116 being cemented to the 
emitting plane of the light guide member 154 so as to be 
located at the eyepiece window 132b of the second casing 
132. The light guide member 154 is configured to reflect 
twice the image light incident through the second lens 153 
and to emit the image light through the eyepiece lens 116. 
0152 Then, as illustrated in FIGS. 25A and 25B, the slide 
operation portion 135 coupled to the second casing 132 is 
slide-operated with respect to the first casing 131, to thereby 
make adjustable the optical path length between the display 
panel 113 held by the first casing 131 and some of the optical 
elements (the second lens 153, the light guide member 154, 
and the eyepiece lens 116 in this case) held by the second 
casing 132 in Such a manner that the optical path length is 
increased along with the forward displacement of the second 
casing 132. With this configuration, the similar effects as in 
the case of the eighth embodiment can be obtained. Here, 
FIG. 25B illustrates the slide operation portion 135 which has 
been slid forward from the State of FIG. 25A. 

0153. This embodiment exemplifies a case where the fix 
ing portion 133 of the first casing 131 has a ball joint 133a and 
the device is fixed to the temple T on the right side of the 
eyeglasses EG via the ball joint 133a. Further, FIGS. 25A and 
25B exemplify a case where the first casing 131 accommo 
dates, as electric components, a circuit board 156 having a 
drive circuit or the like for the display panel 113 mounted 
thereon, a button battery 157, and a flexible printed circuit 
board 158 for connecting the display panel 113 and the circuit 
board 156, in addition to the display panel 113. Further, 
exemplified in this embodiment is a case where the slide 
operation portion 135 coupled to the second casing 132 slides 
as being engaged with a guide groove 131h formed in an 
outside surface of the first casing 131. 

Eleventh Embodiment 

0154 FIG. 28 is a view of a configuration of a main part of 
a head-mounted display device according to an eleventh 
embodiment of the present invention. The head-mounted dis 
play device 160 according to this embodiment is different 
from the head-mounted display device 110 according to the 
seventh embodiment mainly in terms of configuration of the 
eyepiece optical system. Therefore, the constituent elements 
that function similarly to those described with reference to the 
seventh embodiment are denoted by the same reference sym 
bols, and the description thereof is omitted. 
0155. In this embodiment, the eyepiece optical system 161 
has an inner focus lens 162 with a positive refractivity, the 
light guide member 115, and an eyepiece lens 116. Then, 
image light from the display panel 113 passes through the 
inner focus lens 162, the light guide member 115, and the 
eyepiece lens 116, and is emitted toward the right eyeball E. 
of the wearer. 

0156 Here, the display panel 113 is fixed to the first por 
tion 111a of the casing 111, and the light guide member 115 
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and the eyepiece lens 116 are fixed to the second portion 111b 
of the casing 111. Further, the inner focus lens 162 is held by 
a lens tube 165. 
(O157. The lens tube 165 is disposed so as to be slidable 
inside the first portion 111a in the extending direction of the 
first portion 111a. The lens tube 165 is provided with the slide 
operation portion 122 which is formed as being exposed 
outside, as also illustrated in the enlarged partial side view of 
FIG. 28, the slide operation portion 122 being coupled to the 
first portion 111a through a guide hall 111d formed in the 
outside surface of the first portion 111a. The lens tube 165 is 
configured to be able to retain the slide operation portion 122 
at an arbitrary slide position, with the aid of friction against 
the casing 111 or a known slide Support mechanism (not 
shown). 
0158. Therefore, the head-mounted display device 160 
according to this embodiment, for example, when the wearer 
moves the slide operation portion 122 in the anterior direc 
tion, the inner focus lens 162 moves in the same direction. As 
a result, the optical path length between the display panel 113 
and the inner focus lens 162 is increased, so that a position of 
a virtual image to be formed by the image light moves further 
away. Therefore, the similar effects can be obtained as in the 
case of the above-mentioned embodiment. 
0159 FIG. 29 is a view for illustrating how a distance to 
the virtual image is changed in the head-mounted display 
device according to the present invention. Here, FIG. 29 
exemplifies a case where the head-mounted display device 
140 described with reference to the ninth embodiment is 
attached to the temple T on the right side of the eyeglasses 
EG. As described with reference to the above-mentioned 
embodiments, in the head-mounted display device according 
to the present invention, a virtual image VI moves further 
away when the slide operation portion 135 is slid forward 
while the virtual image VI draws closer when the slide opera 
tion portion 135 is slid backward. Here, the distance from a 
wearer H to the virtual image VI may range from infinity to 
about 30 cm. However, in view of the use application of the 
device, that is, the device is intended to be worn constantly 
under various environments, the virtual image VI may pref 
erably be displayed in the distance of about 2 m to 3 m away 
when a user uses the display device for displaying town 
information while walking outside. On the other hand, when 
the user uses the device at one's desk at work, the virtual 
image VI may preferably be displayed at a short distance of 
about 50 cm to 1 m. In this manner, the virtual image can be 
visually identified Smoothly without experiencing a signifi 
cant change in visibility in contrast to the Surrounding envi 
rOnment. 

0160. It should be noted that the present invention is not 
limited only to the above-mentioned embodiments, and may 
be subjected to various changes and modifications. For 
example, the head-mounted display device according to the 
present invention can not only be attached to eyeglasses for 
use but also be attached to headphones 101 which is to be 
mounted on the head of a user, as illustrated in FIG. 30. Here, 
FIG. 30 exemplifies a case where the head-mounted display 
device 50 described with reference to the second embodiment 
is attached for use to the headphones 101. 
0.161 Further, in the seventh to ninth embodiments and in 
the eleventh embodiment, the number of times light is 
reflected in the light guide member 115 is not limited to five 
times, but may be arbitrarily set to more than one time. Such 
as twice or three times. Similarly, the number of times light is 
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reflected in the light guide member 154 of the tenth embodi 
ment is not limited to twice, but may be arbitrarily set to more 
than one time. Such as three times or five times. 
0162. Further, in the eighth embodiment described above, 
a guide groove may be formed in the first casing 131, simi 
larly to the tenth embodiment, so that the slide operation 
portion 135 may be configured as slidable through the 
engagement with the guide groove. Further, in the above 
mentioned embodiments, the slide operation portion may be 
provided, in a slidable manner, not only to the outside Surface 
side of the casing but also to an upper Surface side or a lower 
Surface side of the casing. 
0163. Further, in the above-mentioned embodiments, the 
display panel is fixed and at least some of the optical elements 
of the eyepiece optical system are moved through the slide 
operation of the slide operation portion. However, the device 
may also be configured in Such a manner as to cause only the 
display panel to be moved, or both of the display panel and at 
least Some optical elements of the optical system to be moved. 
Here, in the case of moving the display panel, the display 
panel is configured to move backward when the slide opera 
tion portion is moved forward, so that the optical path to the 
eyepiece optical system can be increased. Further, the present 
invention can employ, as the display element, a display ele 
ment for emitting image light at a pixel level, other than the 
above-mentioned display panel for emitting two-dimensional 
image light, so that the device can be effectively applied to a 
case of displaying an image in an observable manner through 
two-dimensional scanning of the image light. 

DESCRIPTION OF SYMBOLS 

(0164. 10, 50, 60, 70, 80,90 head-mounted display device 
(0165 11 first casing 
0166 11a light projection window 
0167 11f. 11g light shielding member 
0168 12 second casing 
0169 12a light receiving window 
(0170 12b eyepiece window 
0171 12c light shielding member 
0172 13 coupling portion 
(0173 21 display panel 
(0174) 25 window pane 
0175 31 eyepiece optical system 
(0176 32 prism 
(0177 33,54,93 eyepiece lens 
(0178 34, 53,94 light guide member 
0179 41,55, 71 slide member 
0180. 42, 43 guide hole 
0181 44, 45 guide pin 
0182 51 first lens 
0183 52 second lens 
018.4 55a operation portion 
0185. 61 tubular member 
0186 91 total reflecting prism 
0187 92 front lens 
0188 101 headphones 
(0189 110, 130, 140, 150, 160 head-mounted display 

device 
(0190. 111 casing 
(0191) 111a first portion 
(0192 111b second portion 
(0193 111c eyepiece window 
(0194 111d guide hole 
(0195) 112 fixing portion 
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(0196) 113 display panel 
0.197 114 eyepiece optical system 
(0198 115 light guide member 
(0199 116 eyepiece lens 
(0200 117a incident plane 
0201 117b emitting plane 
0202 121 slide member 
0203) 122 slide operation portion 
0204 131 first casing 
(0205 131a emitting window 
(0206 131b, 131c guide hole 
0207 131f. 131g canopy 
0208 132 second casing 
0209 132a incident window 
0210 132b eyepiece window 
0211 132c canopy 
0212 133 fixing portion 
0213 133a ball joint 
0214) 134 prism 
0215 135 slide operation portion 
0216) 136, 137 guide pin 
0217 151 eyepiece optical system 
0218 152 first lens 
0219 153 second lens 
0220 154 light guide member 
0221 161 eyepiece optical system 
0222 162 inner focus lens 
0223) 165 lens tube 
0224 E. right eyeball 
0225. EG eyeglasses 
0226 T temple 
0227 VI virtual image 
0228 H wearer 
1. A head-mounted display device, comprising: 
a first casing which incorporates therein at least a display 

element, and has a light projection window for project 
ing image light from the display element; 

a second casing which incorporates therein an eyepiece 
optical system with a refractive power, and has a light 
receiving window for receiving the incident image light 
projected through the light projection window and an 
eyepiece window for emitting the image light that has 
passed through the eyepiece optical system; and 

a coupling portion for coupling the second casing to the 
first casing so as to make adjustable a length of an optical 
path between the light projection window and the light 
receiving window. 

2. The head-mounted display device according to claim 1, 
wherein the first casing is held, when in use, on the side of 

the head of a user so that the light projection window 
opens to the same side as the face of the user is directed; 
and 

wherein the second casing is arranged, when in use, so that 
the light receiving window and the eyepiece window 
open to the face side of the user. 

3. The head-mounted display device according to claim 1, 
wherein the first casing has a guide outside a side Surface of 

the first casing; and 
wherein the coupling portion has a slide member which is 

provided to the second casing and to be guided along the 
guide so as to be slidably coupled to the first casing. 

4. The head-mounted display device according to claim 3, 
wherein the first casing and the second casing each have a 

light shielding member so as to shield external light 
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entering the optical path between the light projection 
window and the light receiving window, across a slide 
range of the slide member. 

5. The head-mounted display device according to claim 4. 
wherein the slide member also serves as the light shielding 
member of the second casing. 

6. The head-mounted display device according to claim 3, 
wherein the slide member is provided so as to enclose the 

optical path between the light projection window and the 
light receiving window. 

7. The head-mounted display device according to claim 4. 
wherein the slide member is detachably attached to the first 

casing. 
8. The head-mounted display device according to claim 1, 

further comprising a window member transparent with 
respect to image light from the display element, the window 
member being provided so as to cover in at least one of the 
light projection window and the light receiving window. 

9. The head-mounted display device according to claim 1, 
wherein the first casing is held, when in use, on the side of 

the head of the user so that the light projection window 
opens inward along the lateral direction with respect to 
the face of the user; and 

wherein the second casing is arranged, when in use, so that 
the light receiving window opens outward along the 
lateral direction with respect to the face of the user and 
the eyepiece window opens to the face side of the user 
within a view field of an eyeball in the vicinity of the first 
casing, in front of the face of the user. 

10. The head-mounted display device according to claim 1, 
wherein the first casing is held, when in use, on the side of 

the head of the user so that the light projection window 
opens inward along the lateral direction with respect to 
the face of the user; 

wherein the second casing is arranged, when in use, so that 
the light receiving window opens outward along the 
lateral direction with respect to the face of the user and 
the eyepiece window opens to the face side of the user; 
and 

wherein the coupling portion couples the second casing to 
the first casing in Such a manner that the second casing is 
slidable in the lateral direction with respect to the user. 

11. The head-mounted display device according to claim 1, 
wherein the eyepiece optical system has a positive refrac 

tive power and receives the image light incident from the 
display element, guides the image light to the front of an 
eyeball of a wearer, and emits the image light toward the 
eyeball, so as to make observable a virtual image formed 
by the image light; 

wherein the head-mounted display device includes a slide 
operation portion which is provided so as to be slidable, 
with respect to the first casing, in an anteroposterior 
direction of the head of the wearer; and 

wherein the slide operation portion is coupled to at least 
either the display element or an optical element in the 
eyepiece optical system in Such a manner that the length 
of the optical path between the display element and the 
optical element is increased when the slide operation 
portion is slid in the anterior direction of the wearer. 

12. The head-mounted display device according to claim 
11, 

wherein the display element is fixed to the first casing: 
wherein the optical element is fixed to the second casing: 

and 
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wherein the slide operation portion is slidably provided to 
the first casing and coupled to the second casing so as to 
be attached to the optical element via the second casing. 

13. The head-mounted display device according to claim 
12, 

wherein the slide operation portion is provided so as to be 
slidable across an outside Surface of the first casing. 

14. The head-mounted display device according to claim 
13, 

wherein the slide operation portion is provided so as to be 
slidable with respect to the first casing so that a virtual 
image can be observed in the line of sight that slopes 
downward within a view field of the wearer. 

15. A head-mounted display device, comprising: 
a display element; 
a casing accommodating the display element; 
an eyepiece optical system with a positive refractive power, 

which receives image light incident from the display 
element, guides the image light to the front of an eyeball 
of the wearer, and emits the image light toward the 
eyeball, so as to make observable a virtual image formed 
by the image light; and 

a slide operation portion which is provided so as to be 
slidable, with respect to the casing, in the anteroposte 
rior direction of the head of the wearer, 

wherein the slide operation portion is coupled to at least 
either the display element or an optical element in the 
eyepiece optical system in Such a manner that a length of 
an optical path between the display element and the 
optical element is increased when the slide operation 
portion is slid in the anterior direction of the wearer. 

16. The head-mounted display device according to claim 
15, 

wherein the display element is fixed to the casing; and 
wherein the optical element is coupled to the slide opera 

tion portion. 
17. The head-mounted display device according to claim 

16, 
wherein the optical element includes a light guide member 

that has an incident plane for receiving the image light 
incident from the display element and an emitting plane 
for emitting the image light toward the eyeball of the 
wearer, the incident plane and the emitting plane being 
located on the near side in relation to the wearer. 

18. The head-mounted display device according to claim 
16, 

wherein the casing has a first casing and a second casing: 
wherein the display element is fixed to the first casing: 
wherein the optical element is fixed to the second casing: 

and 
wherein the slide operation portion is slidably provided to 

the first casing and coupled to the second casing so as to 
be attached to the optical element via the second casing. 

19. The head-mounted display device according to claim 
18, wherein the slide operation portion is provided so as to be 
slidable across an outside Surface of the first casing. 

20. The head-mounted display device according to claim 
19, wherein the slide operation portion is provided so as to be 
slidable with respect to the first casing so that a virtual image 
can be observed in the line of sight that slopes downward 
within a view field of the wearer. 
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